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ABSTRACT 

The compositions and f iber  forming cha rac t e r i s t i c s  of 25 r e f r a c -  

t o r y  g l a s s  m a t e r i a l s  a r e  descr ibed.  

de ta i l s  a r e  given for  a ve r t i ca l  arc-f iber iz ing appara tus  developed f o r  

rap id  f ibe r  formation of re f rac tory  g l a s ses .  The construction and 

operating procedure  of a new high t empera tu re  g l a s s  melting furnace  

fo r  f iber iz ing a r e  descr ibed .  

nation of oxygen-acetylene bu rne r s  and a h igh-cur ren t  i m m e r s e d  

e lec t rode  sys t em to  achieve g lass  t e m p e r a t u r e s  in excess  of 1850 C. 

Evaluat ions of single f iber  proper t ies  and the p rope r t i e s  of f i be r - r e s in  

composi tes  a r e  given. The problems of carding br i t t l e  f i be r s  a r e  d i s -  

cussed .  

a t u r e  f ab r i c s  under dynamic loading and heating conditions. 

machine  w a s  designed fo r  simulating a flexible heat  shield environment 

and w a s  used to  compare  the per formances  of 23 commerc ia l  inorganic  

The construct ion and operating 

The new furnace  incorpora tes  a combi-  

0 

A testing machine w a s  developed for  evaluating high t e m p e r -  

This  

f ab r i c s .  A d T k l o R  
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I. SUMMARY 

In the cour se  of this  work, 151 r e f r a c t o r y  g lass  compositions w e r e  

The selection of compositions studied for  f iber  forming charac te r i s t ics .  

for evaluation was based  on contemporary theor ies  of the g l a s s  network 

forming  cha rac t e r i s t i c s  of various compounds. Acceptable f iber  yields 

w e r e  attained with 25 g l a s ses  having fusion points exceeding 145OoC, 

th ree  of which had fusion points grea te r  than 180OOC. 

w e r e  produced f r o m  the following types of ma te r i a l s :  

(magnes ium aluminate) ,  s i l i ca  -spinel-zir  conia,  s i l ica  -z i r  conia,  s i l ica  - 
zinc spinel,  a luminum phosphate g l a s ses  and fluoride g lasses .  Com-  

posit ions which did not produce acceptable f ibe r s  w e r e  high zirconia  

m a t e r i a l s ,  ba r ium spinels ,  and calcium aluminate.  

Acceptable f ibers  

s i l ica-spinel  

A ve r t i ca l  a rc - f iber iz ing  apparatus  was developed with a capa-  

bil i ty fo r  f iber iz ing v e r y  different  r e f r a c t o r y  g l a s ses  having wide r anges  

of proper t ies .  

l abora tory  r e s e a r c h  tool for the evaluation of many compositions dai ly ,  

up to 1 / 4  pound of f i b e r s  of a single composition could b e  produced in 

a n  8-hour day. 

appara tus  . 

Although the apparatus  was originally designed as  a 

F i b e r s  up to 6 -1  / 2  fee t  long were  produced with the 

To inc rease  f iber  output, studies w e r e  conducted on var ious  g l a s s  

heating techniques and improvements  in the annular  fiberizing nozzle. 

These  s tudies  led to the development of a r e f r a c t o r y  g lass  melting 

furnace  with the fiberizing nozzle mounted below the furnace  a t  the 

mol ten  g lass  d ischarge  orifice.  

to produce a continuous g l a s s  s t r e a m  for fiberizing. 

of the furnace  incorporated a water -cooled r e f r a c t o r y  she l l  for  contain- 

ing the molten g l a s s  and a water-cooled welded s ta in less  s t ee l  draining 

plate  with a n  Inconel or i f ice  insert .  A combination of oxygen-acetylene 

b u r n e r s  and tungsten e lec t rodes  i m m e r s e d  in  the g lass  was used to 

achieve g l a s s  t empera tu res  exceeding 1850° C. 

s u r e  fiberizing nozzle s m a l l  quantities of high quality long staple f ibe r s  

w e r e  produced f r o m  a g l a s s  having a fusion point of 181 Oo C. 

ma jo r i ty  of the t ime  spent on the apparatus  was used in developing the 

The furnace  was opera ted  successful ly  

The final design 

With a new high p r e s -  

The 

t 
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water  -cooled insulation, the burner  placement  and the e lec t rode  sys t em 

to achieve the requi red  heat balance f o r  eff ic ient  g l a s s  melting and glass 

t empera tu re  control a t  the draining or i f ice .  The furnace a s  constructed 

should ult imately produce in  each f i r ing  about ten pounds of g l a s s  in a 

continuous s t ream for fiberizing. 

s t r a t e d  because of clogging inthe new high p r e s s u r e  annular f iber iz ing 

nozzle apparently caused by turbulence in the nozzle throat .  

the clogging problem, the new nozzle appeared  to be m o r e  efficient in  

forming  acceptable f ibe r s  than the low p r e s s u r e  nozzle developed ear l ier .  

Improvements  in  the testing appara tus  for  single fiber tensi le  

In this  p r o g r a m  this  was not demon- 

Despite 

s t rength increased the prec is ion  of t e s t s  conducted on nine f ibers .  

highest  mean tensi le  s t rength ,  a value of 295, 000  ps i ,  was obtained with 

R-141 f ibers .  Trea tment  of R - 7 4  f i b e r s  with anhydrous Linde A-1100  

s i lane finish improved i t s  mean f iber  tensi le  s t rength  by 25 percent .  

The lapse of t ime af te r  f iber formation had no measu rab le  effect on 

tensi le  strength.  

The 

A static heating t e s t  conducted with va r ious  high melting f ibe r s  

indicated that R-108 underwent no significant changes in  bulk volume o r  

res i l iency  on exposure to 2750° F ( 1  51 00 C )  in a n  oxidizing a tmosphere .  

F o r  fiber - r e s i n  composite fabr icat ion,  ten fiber ma te r i a l s  were  

selected on the bases  of h igh  f iber  yield, fusion t empera tu re ,  and type 

of composition. 

for  comparison. 

F i b e r f r a x ,  a commerc ia l  c e r a m i c  f ibe r ,  w a s  included 

A new, m o r e  effective method of removing pel le ts  f r o m  blown 

f i b e r s  w a s  developed, 

s i lane  finish and felted into ten-inch d i ame te r  fe l t s  p r ior  to r e s i n  

impregnation. 

91 -LD phenolic r e s i n  were  molded under high p r e s s u r e  f rom the 

impregnated fel ts  and pos t -cured  to achieve opt imum proper t ies .  

The depelletized f i b e r s  were  t r ea t ed  with a 

Composi tes  containing 30 percent  by weight of C T L  

Flexura l  s t rength ,  f lexura l  modulus of e las t ic i ty ,  and punch shea r  

The highest  s t rength  tests were  conducted On the composi te  spec imens .  

ave rage  flexural s t rength  obtained was 19 ,  958 p s i  with the R -74  f iber  - 
r e s i n  composite. 

f ication of 13, 000 ps i  f lexura l  s t rength f o r  randomly  or ien ted  f iber  

This  compares  ve ry  favorably with the mi l i t a ry  spec i -  

2 



re inforced  composi tes .  

was  obtained with the R - 8 9  f ibe r - r e s in  composite.  

anhydrous f ibe r  f inishes  on composite s t rength  were  not c l ea r ly  

indicated. 

The highest punch shea r  s t rength  ( 1  1 ,  509 ps i )  

The effects of 

P l a s m a  a r c  t e s t s  a t  a heat  f lux of 550 BTU/f t2-sec  on eight com-  

posite m a t e r i a l s  indicated ablation r a t e s  general ly  equivalent to 

F ibe rg la s -Mica r t a  No. 259-2. The composite re inforced  with R-99 

f i b e r s  had an  average  ablation rate of 0. 008 inch p e r  second and appea r s  

quite promising on the bas i s  of these tes t s .  

As  a r e s u l t  of a su rvey  of seve ra l  industr ia l  plants  and univers i -  

t i e s  the carding operat ion was ascer ta ined to be the mos t  impor tan t  and 

difficult  p roblem in process ing  ce ramic  f ibe r s  into fabrics .  A sub-  

cont rac t  on carding techniques f o r  c e r a m i c  f ibe r s  was i ssued  to the 

A. F r e n c h  Textile School, Georgia Insti tute of Technology. A degree  of 

s u c c e s s  in forming a web and sliver was  obtained with a 1 to 1 mix ture  

of c e r a m i c  and a sbes tos  f ibe r s  on a sbes tos  carding equipment. 

s tudies  on conventional carding machinery with r a w  f ibe r s  w e r e  not 

success fu l ;  however ,  a weakweb was fo rmed  with f ibe r s  coated with a n  

organic  lubricant.  At Hughes Aircraf t  Company s e v e r a l  unconventional 

f iber  handling techniques w e r e  explored. 

with air j e t s  showed p r o m i s e  in orienting the f i b e r s  into long s t rands .  

Also,  s e v e r a l  fee t  of s t rong  yarn ( tens i le  s t rength ,  1630 ps i )  w e r e  hand 

twisted and bra ided  in  water  without excess ive  fiber breakage.  

Carding 

Swirling bundles of f i b e r s  

A dynamic f ab r i c  tes t ing apparatus  was developed with which 

spec imens  of c e r a m i c  f ab r i c s  could be  subjected to s imultaneous dead 

weight loadings and e x t r e m e  cyclic t r a n s v e r s e  displacement  of one end 

in the plane of the fabr ic ,  and high radiant  heat  f luxes n o r m a l  toone  face  

of the fabr ic .  

heat  shield on a l a rge  rocke t  booster .  

p rocedure  was establ ished that w a s  uti l ized for  tes t ing spec imens  of 23 

different  g rades  and types of fabr ics  including a s b e s t o s ,  F i b e r f r a x ,  

R e f r a s i l ,  S i l -Temp,  Armalon ,  and F a i r p r e n e ,  with Type 181 E - g l a s s  

cloth as a compar ison  s tandard.  

withstand the ac tua l  operat ing conditions ant ic ipated for  the heat shield,  

These  p a r a m e t e r s  s imula te  the environment  of a flexible 

By s ta t i s t ica l  methods a t e s t  

Although none of the m a t e r i a l s  would 

3 



i t  was noted that two of the a sbes tos  m a t e r i a l s  showed the b e s t  ove ra l l  

per formance  under load, displacement  and heat  flux, and that  the 

Ref ra s i l  and S i l -Temp showed outstanding heat r e s i s t ance  but poor 

r e s i s t ance  to high load-s. 

a sbes tos  fabric faced with Ref ra s i l  o r  S i l -Temp for  heat  protect ion m a y  

provide the best combination of ma te r i a l s  to r e s i s t  the heat  flux and 

loads anticipated in the flexible heat  shield. 

The t e s t s  indicate that a s t rong ,  high quality 

T e s t s  in the above appara tus  on the effects on f ab r i c  life of 

reflective inorganic pigments applied to E -glass  f ab r i c  indicated a 50 

percent  improvement  in  l ifetime with a magnes ia  coating. 

work on reflective pigments  was deemed v e r y  worthwhile. 

F u r t h e r  
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11, PURPOSE 

nology. 

1. 

2. 

3 .  

4. 

5. 

6. 

7. 

8 .  

9 .  

The purpose of the init ial  par t  of this  p rogram,  enti t led 

IlDevelopment of Ce ramic  F i b e r s  for  Reinforcement  in  Composite 

Mate r i a l s ,  I t  and covering the period 2 October 

1961, i s  a s  follows: Conduct r e sea rch  d i rec ted  toward the  development 

of c e r a m i c  f ibe r s  and ce ramic  fiber composi tes  for  use  in  space tech-  

1960 to 2 December 

The work sha l l  include but not be l imited to the following: 

Develop r e f r a c t o r y  glass compositions with cha rac t e r i s t i c s  

suitable f o r  f iber  forming. 

Develop methods for forming f ibers  f rom the above r e f r ac to ry  

g la s s compo s itio n s . 
Study the pertinent f iber forming p a r a m e t e r s  for each p rom-  

ising composition a s  necessary  to achieve reproducibil i ty.  

Conduct physical ,  mechanical,  and the rma l  proper ty  t e s t s  

and petrographic  analysis on promising f ibers .  

Fab r i ca t e  fiber -mat r ix  composite t e s t  spec imens  and conduct 

physical ,  mechanical ,  and the rma l  proper ty  t e s t s  on these 

specimens.  

Fu rn i sh  specimens to MSFC of promising f ibe r s  and com-  

posi tes  (organic  o r  inorganic m a t r i x  a s  r equ i r ed )  obtained a s  

a r e s u l t  of the above. 

Develop quantity production methods for  f iber  forming.  

Develop inorganic mat r ix  ma te r i a l s  compatible with the 

c e r a m i c  f i b e r s ;  p repare  t e s t  Specimens and conduct proper ty  

t e s t s  on these specimens.  

Asce r t a in  the feasibil i ty of c e r a m i c  f iber  -composi te  ma te r i a l s  

for  u se  in  s t r u c t u r e s  for cryogenic  and hype r the rma l  

applications . 
The purpose of the final part  of this p r o g r a m ,  enti t led Develop- 

ment  of Re f rac to ry  F a b r i c s ,  1 1  and covering the per iod 3 December 1961 

to 2 December 1962,  is a s  follows: 

5 



This  program is d i r ec t ed  toward the development of r e f r a c t o r y  

f ibe r s  and, ult imately,  weaving of these  f i b e r s  into f a b r i c s  which sha l l  

be evaluated for potential  u s e  a s  insulating o r  heat  blocking media  under 

mechanical  s t r e s s  in hyper ther  mal environments .  

. 
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111. EXPERIMENTAL WORK 

A. CERAMIC FIBER COMPOSITIONS 
J, 

In the cour se  of this contract  and a preceding program,*' '  151 

c e r a m i c  compositions were  studied in a s e a r c h  for  r e f r a c t o r y  g l a s ses  

that would f o r m  f ibe r s .  The compositions,  f iber  cha rac t e r i s t i c s  and 

fusion points of a l l  promising compositions a r e  given in Table  1.  

g l a s s  f iber  fusion t empera tu re  was considered a m a j o r  factor  in the 

select ion of new ma te r i a l s  fo r  more  advanced s tudies .  

was de te rmined  according to the ASTM tes t  No. C24-46 for  P y r o m e t r i c  

Cone Equivalent ( P C E )  of Ref rac to ry  Mater ia l s .  Standard P C E  cones 

w e r e  p repa red  with f ibe r s  produced f r o m  those compositions with the 

highest  re la t ive fiber yields. 

composition consti tuents a s s u r e d  that any  portion of the consti tuents 

volati l ized during a r c  f iber iz ing would not be p re sen t  and the fusion 

t e m p e r a t u r e s  would be those of the ac tua l  g l a s s e s  composing the f ibers .  

In s e v e r a l  c a s e s  where  no f ibers  were  fo rmed  but g l a s sy  pellets sug-  

gested a g l a s s  -forming tendency, fusion t e m p e r a t u r e s  of the pellets 

were  determined.  

composition of a g lass  mel ted in the f iber iz ing appa ra tus  s ince it was 

unlikely that fur ther  volatilization of a consti tuent would occur  a f t e r  a 

molten droplet  was removed from the a r c  because of the s h a r p  d r o p  in  

t empera tu re .  

The 

This  proper ty  

The  u se  of f ibe r s  r a t h e r  than the r a w  

The pel le ts  were a s s u m e d  to r e p r e s e n t  the t r u e  

T h e r e  were  2 5  m a t e r i a l s  which appeared  promis ing  for  advanced 

s tudies  in  the a r c  f iber iz ing apparatus.  

acceptable  f iber  yields of m o r e  than one g r a m  p e r  fifty b l a s t s  and fusion 

points exceeding 1450° C. With these m a t e r i a l s ,  a var ie ty  of fiber 

cha rac t e r i s t i c s  w e r e  manifested such as f iber  length and d i ame te r ,  

flexibility and br i t t l eness ,  melting behavior ( s u r f a c e  tension and v iscos  - 
i t y ) ,  and r e s i s t ance  to devitrification. Seve ra l  f iber  compositions were  

All  of these  m a t e r i a l s  had 

C 

c 

+Contract  No. DA-04-495-ORD-1723, "Studies on Ref rac to ry  F ibe r  
R e s e a r c h ,  I t  A r m y  Bal l is t ic  Missile Agency, U.S.  A r m y  Ordnance Corps.  
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:omposition 
Number 

Tine long f i b e r s ,  low 
I l s c o s l t y  R 4 5  

R 5 8  

R 59 

R 6 6  

R 7 4  

R 7 6  

R 7 9  

R86 

R 8 7  

R 8 9  

R 9  1 

R 9 9  

RlO8 

E x t r e m e l y  f i n e  s h o r t  
f i b e r s  

ComDosition 

Very  f ine  s h o r t  f i b e r s ,  
high v i s c o s i t y  

M a t e r i a l  
F i b e r  Yield 

gm p e r  50 B l a s t s  

S102 

A1203 

S102 

MgO 

*l2O3 
MgO 

S102 

A1203 
MgO 

SlO2 

A1203 
MgO 

SIOL 

MgO 

Z r 0 2  

L r 0 2  

A1203 

Z r 0 2  

S1O2 

A1203 
MgO 
Z r 0 2  

S1O2 

*‘2O3 
MgO 
Z r 0 2  

S102 

Z r 0 2  

P b O  

S1O2 

Z r 0 2  

ZnO 

S102 

A1203 
Z nO 

S1O2 

A1203 

S1O2 

A1203 

MgO 

MgO 
Z r 0 2  

S1O2 

A1203 
Z n O  

S b 2 0 3  

P e r c e n t  

76. 00 

18. 00 

16. 00 

!5. 00 

56. 00 

19. 00 

35. 50 

30. 50 

9. 50 

24. 50 

42. 75  

15. 25 

4. 75 

37. 25 

50. 00 

22 .  50 

7. 50 

2 0 . 0 0  

60. 0 0  

7. 50 

2. 50 

30. 00 

2 0 . 0 0  

45 .00  

15. 00 

20 .00  

4 5 . 0 0  

4 5 . 0 0  

1 0 . 0 0  

40. 00 

40. 00 

2 0 . 0 0  

35 .00  

32. 50 

32. 50 

2 5 . 0 0  

62. 50 

12. 50 

50. 00 

27. 00 

3. 00 

20 .00  

17. 90 

35. 70 

35. 70 

I O .  70 

6. 6 

3. 0 

5. 8 

1 . 4  

8. 6 

3. 2 

3. 0 

1 . 2  

2 .  0 

I .  5 

2. 0 

7. 0 

I .  3 

Tiber F u s i o n  
e m p e r a t u r e  OC 

1475 

1495 

1450 

1500 

1450 

1605 

1550 

1680 

1680 

1810 

1620 

1580 

> 1830 

C o m m e n t s  

- 3 inch  f ine  f i b e r s  

‘ a i r l y  f ine  long f i b e r s  
a s y  to  f i b e r i z e  

- 6 inch  f ine  f i b e r s ,  
l iff icult  to  f i b e r i z e  

4 - 6 inch  fine f i b e r s  

j h o r t  f i b e r s ,  v e r y  
i i g h  v i s c o s i t y  

Medium f i b e r s ,  v e r y  
high v l s c o s i t y  

Medium f i b e r s ,  good 
qual i ty  

2 - 4  inch  f i n e  f i b e r s  

Long f lex ib le  f i n e  
f i b e r s  

1 - 2 inch v e r y  f i n e  
f i b e r s  

Table 1. Selected fiber compositions.  

8 



, 

b 

I 

Composi t ion  
N u m b e r  

R l l O  

R112 

R l l 3  

R117 

R11Y 

R123 

R132 

R141 

R145 

R147 

R14Y 

R150 

Comuosi t ion  

M a t e r i a l  

S102 

A1203 
ZnO 

Sa203 

S102 

A1203 
Z n 0  
CeOL 

S1O2 

A1203 
ZnO 

'Z03 

SlOZ 

A1203 

Z r O Z  

'2'5 

MgO 

S102 

A1203 

S102 

Z r 0 2  

A1203 
M g O  
Z r 0 2  

Sa203 

SlO2 

A1203 

A1203 

S102 

'2'5 

C a F 2  

*'LO3 
MgO 
Z r 0 2  

'2O5 

S102 

*'Z03 
MgO 
L r 0 2  

C e 0 2  

sio2 
AIL03 

S102 

4 1 2 0 3  

C a F 2  

CaF.  
7, " 0 

P e r c e n t  

18. 50 

37 .00  

37 .00  
7. 50 

17. Y O  

35. 70 

35. 70 
1 0 . 7 0  

18. 50 

3 7 . 0 0  

37.00 
7. 50 

54. 50 

6. 8 3  

2. 27 
27. 20  

9. 2 0  

60. 00 

1 0 . 0 0  

30. 00 

5 8 . 2 0  

7. 2 8  

2 .  42 

2Y. 20 

2 .  Y O  

45.00  

40. 00 

15. 00 

57 .00  

43 .00  

57. 70  

7. 20  

2 .  40 

28. 70  

4. 00 

56. 96 

7. 08 

2 .  36 

28. 60 

5. 00 

24. 60 

55. 40 

2 0 . 0 0  

21.20 

43. 80  

1 0 . 0 0  
25. 00 

Fiber Yield 
g m  per 50 B l a s t s  

1. 2 

1 . 4  

1. 6 

1 .  0 

3. 4 

2 .  2 

I .  2 

1. 4 

1. 0 

1. 8 

2. 4 

2. 4 

F i b e r  F u s i o n  
T e m p e r a t u r e  OC 

1830 

1750 

1750 

1505 

1575 

1575 

1790 

1530 

1485 

1500 

I500  

I520  

Table 1 (continued). 
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C o m m e n t s  

112 - 2 inch v e r y  fine 
[ iber  5 

I / 2  - 1 inch f i n e  f i b e r s  

1 - 2 inch fine,  
un i form f i b e r s  

1 - 6 inch  g l a s s y  
f i b e r s  

Medium t e x t u r e  
f i b e r s ,  v i scos i ty  
lower  than R - 7 6  

1 - 3 inch  f ine  
t e x t u r e d  f i b e r s ,  pink 
c o l o r  

1 - 3 inch fine 
f i b e r s  

Low v i s c o s i t y  m e l t ,  
1 - 2 inch  fine f i b e r s  

F i n e  s h o r t  d a r k  g r a y  
f i b e r s  

Somewhat  v i s c o u s  
m e l t ,  s h o r t  f i n e  
f i b e r s  

Low v i s c o s i t y ,  high 
s u r f a c e  t ~ n i i o i i :  
2 - 3 inch f i b r r s  

Low v i s c o s i t y .  high 
s u r f  a c ti te n s ion : 
2 - 3 i n c h  f i b e r s  



found to be superior  as  re inforcements  in r e s i n  composi tes  ( e .  g. , R-74 

and R-89)  and o the r s  appeared  to b e  m o r e  suitable for  f ab r i c s  ( e .  g.  , 

R-99) .  
been demonstrated in  the ver t ica l  a r c  f iber iz ing appara tus .  It is con- 

s ide red  pract ical  to produce l a r g e r  quantit ies of f ibe r s  by other  f ibe r -  

izing methods f r o m  any of these  m a t e r i a l s  as r equ i r ed  for  ya rn  and 

fabr ic  processing. 

Satisfactory f iber  forming abi l i t ies  of the 2 5  composi t ions have 

Of the var ious types of ma te r i a l s  studied, the following were  

capable of producing acceptable  r e f r a c t o r y  f ibe r s :  s i l i ca-sp ine l  ( m a g -  

nesium aluminate) ,  s i l ica  - spinel -z i r  conia,  s i l i ca  -z i rconia ,  s i l i ca  -zinc 

spinel ,  aluminum phosphate g l a s ses ,  and fluoride g l a s ses .  Compositions 

which did not produce acceptable  f ibe r s  w e r e  high zirconia  m a t e r i a l s ,  

bar ium spinels,  and calcium aluminates .  

Those ma te r i a l s  se lec ted  for s tudies  in the r e f r a c t o r y  g l a s s  

melting furnace (9. v . ,  below) w e r e  R-74,  R-99  and R-89,  in o r d e r  of 

increas ing  fusion points. 

B. FIBER FORMING 

Ver t ica l  A r c  F iber iz ing  Apparatus  

The initial s tudies  on forming r e f r a c t o r y  f ibe r s  were  conducted 

with an  a r c  fiberizing appara tus .  In this  device,  F igu re  1 ,  a r o d  of 

m a t e r i a l  was f iber ized by melting the t ip in a high intensity d - c  a r c ,  

removing it momentar i ly  to cool, encircl ing the t ip  with an  annular  

nozzle,  and blasting f ibe r s  f r o m  the t ip  with high p r e s s u r e  g a s  je ts .  

F o r  uniform heating the rod  was ro ta ted  in  the a r c  by an e l ec t r i c  motor .  

T i m e r s  were  provided f o r  automatic-control of b las t  delay and blast 

durat ion and were  adjustable  ove r  wide r anges  to su i t  the f iber iz ing 

cha rac t e r i s t i c s  of different  r e f r a c t o r y  g l a s s e s .  

annular  nozzle configurations,  b l a s t  p r e s s u r e s ,  types of g a s e s ,  and the 

operat ing p a r a m e t e r s  w e r e  effect ive in  improving the f iber  quality and 

yield and in  increasing the operat ing efficiency. Although the appara tus  

was  designed a s  a r e s e a r c h  tool for  the evaluation of many composi t ions 

daily,  with a single high yield m a t e r i a l  up to one-fourth pound of 

depel le t ized f ibers  could be produced in  an  eight-hour day, F i g u r e  2. 

Studies  of var ious  
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Arc  appa ra tus  i n t e r i o r  
and c e r a m i c  rod  

E x t e r i o r  
and contr  

a r r a n g e m e n t  
'01s 

F i g u r e  1.  Vert ical  a r c  f iber iz ing  appa ra tus .  
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F i g u r e  2. F i b e r s  produced  in  a r c  appara tus .  
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Continuous F i b e r  i z ing 

The r equ i r emen t s  for  larger  quantit ies of f i be r s  for  fabr ic  s tudies  

led to the need fo r  a new apparatus  with a higher f iber  output. T h e r e -  

f o r e ,  a pr incipal  objective of fiber formation s tudies  in 1962 consis ted 

of melting a sufficiently l a rge  quantity of r e f r ac to ry  g l a s s  to produce a 

control led continuous s t r e a m  of mater ia l  fo r  f iberizing. 

s ide red  essent ia l  to prevent  contamination of the melted g lass  and 

highly des i rab le  to e l iminate  the need for  an ine r t  a tmosphere .  

s tudies  of s e v e r a l  methods of continuous fiberizing were  conducted using 

a 10-kva Lepel  induction power supply to hea t  a r e f r ac to ry  crucible .  

Init ial  s tudies  consis ted of heating var ious  s i zes  of graphite rods  in a 

water  -cooled induction concentrator to de te rmine  the optimum power 

sett ings.  

m e t a l  bor ides ,  carb ides ,  and nitrides and a l s o  s e v e r a l  g l a s s  composi-  

t ions by self-induction. 

1700' C with a gas  f lame,  t he re  w a s  insufficient e l ec t r i ca l  conduction to 

genera te  in te rna l  heat  by induction at the operat ing frequency of this  

power supply (100 kc) .  

It was  con- 

Initial 

Attempts  were  then made to me l t  var ious  powdered r e f r ac to ry  

Even when these  ma te r i a l s  w e r e  heated to 

Two heating methods utilizing a graphi te  susceptor  w e r e  then 

evaluated, 

a tmosphe re  in r e f r ac to ry  crucibles  into which close-fi t t ing tubular or 

r o d  susceptors  w e r e  inser ted.  

ni t r ide or  of s in te red  material of the g l a s s  to be evaluated. 

method resu l ted  in  considerable  carbon contamination of the g lass  f r o m  

the graphi te  susceptor ,  whichever type of susceptor  was  t r ied.  Also ,  

the boron ni t r ide c ruc ib les  were  heavily a t tacked by the molten g lass .  

The first method consis ted of heating the g l a s s  in  an  air 

The cruc ib les  w e r e  made  of boron 

This  

The second heating method cons is ted  of suspending a s in t e red  r o d  

of m a t e r i a l  in  a tubular susceptor and  heating i t  by radiat ion and con- 

vection. Th i s  method was highly successfu l ,  resul t ing in  melting a 

f a i r l y  continuous s t r e a m  of glass  drople t s  f r o m  the t ip of the rod as it 

was  lowered into the susceptor .  The  g l a s s  drople t s  w e r e  completely 

fi=ee ii-oiii carbon conta;r,ir,atiofi. at tp~ .p t  TFZS E - E L ~ . ~  a t  that t ime to 

f iber ize  the falling droplets ,  Nevertheless  , s e v e r a l  inherent  p rob lems  
with this  method (including severe oxidation of the suscep to r ,  and an  
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inabili ty to generate sufficient hea t  to  provide a high volume, continuous 

s t r e a m )  led  to i t s  abandonment. 

There w e r e  then two approaches tha t  w e r e  cons idered  fo r  

achieving a continuous s t r e a m  of molten g l a s s :  (1) a batch p r o c e s s  in 

which a large batch could be mel ted  and completely fibe;ized before  

recharg ing ,  and ( 2 )  a continuous p rocess  in which the m a t e r i a l  could be 

replenished in a heating chamber  a t  the same  r a t e  at which i t  was  

removed. 

such a s  eroded nozzles a f t e r  each run. 

e s s  w e r e  efficiently designed and engineered,  the appara tus  could be 

modera te  in s ize  and could be adjusted to  provide be t te r  control  of the 

fibe rizing parameters .  

The batch p r o c e s s  o f f e red  the advantage of replacing p a r t s  

However,  i f  a continuous proc-  

With these considerat ions in mind, s tudies  of va r ious  techniques 

fo r  melting re f rac tory  g l a s s e s  resu l ted  in  a new concept fo r  a melting 

furnace  to  achieve the fiberizing t e m p e r a t u r e s  r equ i r ed  with max imum 

efficiency and convenience. Labora tory  exper iments  demonst ra ted  the 

feasibi l i ty  of using oxygen-acetylene f l ames  to prehea t  a g l a s s  batch to 

1850' C and with i m m e r s e d  tungsten e lec t rodes  to continue heating the 

batch to  tempera tures  f a r  above this  t empera tu re .  

e l iminated the need f o r  special  crucible  and or i f ice  m a t e r i a l s  s ince the 

m a t e r i a l  to  be f iber ized  ac ted  a s  its own container.  

provided prec ise  control  of the me l t  t empera tu re  to  achieve a uniform,  

continuous s t r eam f o r  fiberizing by blowing. Although the appara tus  

was batch operated throughout t h i s  p rogram,  the design is adaptable f o r  

s e m i -  continuous operation. 

The new method 

The method a l so  

Development of F iber iz ing  Apparatus  

In the development of the new furnace the first exper iments  con- 

s i s t ed  of demonstrating that r e f r a c t o r y  g l a s s e s  could be heated with a n  

e l e c t r i c  current .  

located in the bottom of a c ruc ib le  containing R-74 gra in  (fusion point, 

145OOC). 

extinguished but c u r r e n t  continued to  flow through the g l a s s  between the 

e l ec t rodes  until the crucible  was  one-third f i l led with molten g l a s s  at a 

An a r c  was  s t r u c k  between tungsten e l ec t rodes  

A s  the e lec t rodes  w e r e  slowly sepa ra t ed  the a r c  was soon 
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uniform t empera tu re  of 1750' C, with regional heating between e lec t rodes  

s e v e r a l  hundred degrees  higher.  Th i s  experiment  was repeated success -  

fully with R-99 and R-89 g ra in  (fusion points 158OOC and 1810O C 

respect ively) .  

m e l t  i n  this  manner  and adequate control  of the g l a s s  tempera ture  was 

judged feasible  with p rope r  design of the electrode sys tem,  the crucible  

and the surrounding insulation mater ia ls .  

showed no significant e ros ion  o r  oxidation. 

There  were  no difficulties in maintaining a uniform g l a s s  

The tungsten e lec t rodes  

Since a g l a s s  mus t  be heated to  a t empera tu re  a t  which e l ec t r i -  

ca l  conduction will  occur ,  a se r i e s  of experiments  was conducted to 

s tudy techniques of preheating glass  batches with oxygen-acetylene 

f lames.  

the configuration and thickness  of the insulation requi red  t o  promote 

effective heat  t r a n s f e r  to the glass.  

these  experiments  because of i ts  genera l ly  sa t i s fac tory  single f iber  

cha rac t e r i s t i c s  a s  well  a s  i t s  outstanding fiberizing ability. 

iments  consis ted of heating and melting R-99 g ra in  in progress ive ly  

l a r g e r  hear th-p la tes  fabr ica ted  of s in te red  R-99 gra in ,  with one, two 

and th ree  burners  mounted in castable insulating r e f r ac to ry  shel ls .  

each  experiment  the burner  angles,  insulation th icknesses  and com- 

bustion gas  outlets w e r e  modified as necessa ry  to improve heating 

efficiency. 

uous s t r e a m  of molten g l a s s  f rom the hea r th ,  i t  was  apparent  that  a 

water -cooled  hear th-plate  with an appropriately s ized  or i f ice  was  

n e c e s s a r y  to control the s t r e a m  diameter  and the r a t e  of flow. 

cooled welded s ta in less  s tee l  hear th-plate  with an  Inconel or i f ice  in se r t  

was  ul t imately found to work satisfactorily.  

The chief considerations were  the location of the bu rne r s  and  

Composition R-99 was se lec ted  fo r  

The exper  - 

In 

Although it w a s  soon proved feasible  to  d ischarge  a contin- 

A w a t e r -  

When i t  w a s  found that glass t empera tu res  of m o r e  than 170OOC 

could be consistently achieved with the furnace,  a n  experiment  was  con- 

ducted with a n  e l ec t r i ca l  boost system consisting of two tungsten e l ec -  

t rodes  connected t o  a 110 volt Variac and in se r t ed  through the hea r th  

wa l l s  into the g l a s s  melting chamber.  The heating cha rac t e r i s t i c s  f r o m  

this  t e s t  gave sufficient information to calculate the power r equ i r emen t s  

f o r  a three-e lec t rode  system. 
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High Tempera ture  Glass  Fiber iz ing 

A new water-cooled r e f r a c t o r y  she l l  was then fabr ica ted  with 

provis ions for t h ree  e lec t rodes  which w e r e  wi red  to  the output f r o m  

th ree  wye-connected, 240 volt Var iacs  f ed  f r o m  a 208 volt l ine,  F igu re  

3. Because subsequent exper iments  w e r e  to be conducted with R-89 
(fusion point, 1810° C),  the water-cooled shel l  and the improved wa te r -  

cooled s ta inless  s t ee l  hear thplate  were  included a t  t h i s  t ime f o r  pro tec-  

tion against  the considerably higher  f iber iz ing t empera tu re  required.  

The she l l  consisted of a one inch thick bubble alumina pot containing 1 / 4  

inch copper tubing coils spaced one inch a p a r t  i n  the outer  surface.  The 

Type 416 s ta inless  s tee l  hear thplate  was of welded construct ion with a 

5 /16  inch cooling water  passage encircling a n  Inconel draining or i f ice  

in se r t  with a 1 / 2  inch d i ame te r  or i f ice .  

both the shell and the hear thplate  were  fi t ted with sepa ra t e  needle 

valves and  the rmomete r s  fo r  p rec i se  t empera tu re  regulation. 

The cooling wa te r  Lines for  

Three  f i r ings w e r e  then conducted with the chamber  charged  with 

R-89 g r a i n  and with a new high p r e s s u r e  fiberizing nozzle mounted 

below the draining orifice.  

an  e l ec t r i c  cur ren t  a t  a g l a s s  t empera tu re  of 1700° C. 

tempera ture  was  permi t ted  to r i s e  gradual ly  while adjustments  were  

made  in the cooling water  supply to the she l l  and hear thplate ,  in  the 

electrode spacing and in the power set t ings to  the electrodes.  The 

electrode power dis t r ibut ion was eas i ly  balanced and controlled by 

adjusting voltage and c u r r e n t  outputs with each Variac.  

that  the heat could be e i the r  concentrated over  the draining or i f ice  o r  

dis t r ibuted evenly throughout the me l t  by inser t ing o r  withdrawing the 

electrodes.  The max imum power input to the th ree  e lec t rodes  ranged 

f r o m  20 to  25 kw. In each  f i r ing when the g l a s s  appeared  to have been 

uniformly melted,  a tungsten rod was pushed up f r o m  below and quickly 

withdrawn to open the or i f ice .  A thin g l a s s  s t r e a m  s t a r t e d  to  flow, but 

about t en  seconds a f t e r  f iber iz ing began, the f iber iz ing nozzle became 

plugged with g l a s s  and the furnace  had to be shut down. 

overcome this in  the second f i r ing  the nozzle was r a i s e d  c l o s e r  to  the 

draining orifice and  the blasting p r e s s u r e  was  reduced f r o m  900 t o  700 

In the f i r s t  f ir ing the g l a s s  began to  conduct 

The furnace  

It was  found 

In a n  at tempt  t o  
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Continuous g l a s s  s t r e a m  flowing 
be fo re  f iber i  zing. 

Re f rac to ry  g l a s s  mel t ing 
furnace .  

F u r n a c e  cont ro l  panel .  

F i g u r e  3 .  Gas-e l ec t r i c  f iber iz ing appa ra tus .  
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psi. 

th i rd  f i r ing the Inconel i n se r t  was replaced with one having a 3 / 8  inch 

d iameter  orifice in  an  at tempt  to reduce the g l a s s  flow ra t e ,  

ing t r i a l  also ended in  plugging of the nozzle,  which is apparent ly  due to 
the smal l  opening ( 3 / 4  inch) in  the nozzle,  o r  perhaps  to a slightly turbu-  

lent back p res su re  

th ree  f i r ings a r e  given in  Table 2. 

In the second firing again the nozzle became plugged. F o r  the 

Th i s  f iber iz -  

above the nozzle. The r e su l t s  of f iber iz ing in  these 

No fur ther  exper iments  were  conducted a f t e r  th i s  f i r ing,  but a 
close inspection of the she l l ,  e lec t rodes ,  hear thplate  and bu rne r s  indi- 

cated that  there  w a s  no significant e ros ion  o r  o ther  de te r iora t ion  of any 

pa r t  of the apparatus.  

r 

Fi r ing  F i r ing  F i r ing  
Physical P r o p e r t i e s  No. 1 No. 2 No. 3 

Fiberizing Time - sec.  10. 0 10. 0 8. 0 
F i b e r s  Produced - g r a m s  78. 0 20.0 51. 0 

Average Length - inches 2. 1 4 .4  2. 8 

Average Diameter  - microns  13. 2 16. 5 15. 9 
Usable F i b e r s  
( a f t e r  depelletizing) - g r a m s  6. 0 8. 0 11 .0  

Average Length 
( a f t e r  depelletizing) - inches 0. 8 1 .5  1.4 
Yield 
( a f t e r  depelletizing) - percent  7. 8 40. 0 22. 0 

Table  2. Resul t s  of f iber iz ing R-89. 

C. FIBER EVALUATION 

F i b e r  Dimensions 

The d iameters  of eight promising f i b e r s  developed in the ve r t i ca l  

arc-fiberizing appara tus  w e r e  de te rmined  optically with a microscope  

fi t ted with a measur ing  filar eyepiece and a n  oil  i m m e r s i o n  objective 

lens. 

as follows: 

The d i ame te r s  of ten  randomly picked f i b e r s  of each  m a t e r i a l  are 
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c 

Minimum 

14. 7 

12. 3 

17. 2 

12. 9 
7 . 4  

6. 1 

13. 5 

17. 2 

F i b e r  Maximum Average 

36. 7 26. 6 
22. 0 16. 1 

50. 4 25. 5 

43.4 24. 8 

30. 2 20. 1 

19. 6 13. 5 
46. 6 25.9 

41. 0 23.1 

R45 

R74 

R76 

R89 

R99 

R108 

R l l 9  

R123 

F i b e r  Tensi le  Strength 

Evaluat ions of the tensi le  s t rengths  of nine se lec ted  f iber  m a t e r i a l s  

w e r e  conducted with an  improved tens i le  s t rength appa ra tus ,  F i g u r e  4. 
In this appara tus  a convenient method of heating and  melt ing the mounting 

wax w a s  employed which consisted of small individual h e a t e r s  opera ted  

by a t readle .  

f i be r  ends  a f t e r  breakage reduced the t t m o r t a l i t y t t  (abor ted  t e s t  r e su l t s )  

f r o m  ove r  90  percent  to  l e s s  than five percent  and  a l s o  somewhat reduced 

the usua l  s p r e a d  of t e s t  data. 

A linkage mechanism which prevented shat ter ing of the 

The r e s u l t s  of these t e s t s  on the nine f iber  m a t e r i a l s  a r e  presented  

graphica l ly  in F i g u r e  5. 

f igure .  

R-141 with a value of 295, 000 psi. 

of all m a t e r i a l s  overlap,  s ta t is t ical ly  t h e r e  is  no significant difference 

in t h e  s t rengths  of the different  f ibers.  

Ten  specimens w e r e  t e s t ed  fo r  each  b a r  in the 

The  composition with the highest  m e a n  f iber  tensi le  s t rength w a s  

However ,  s ince  the two s igma limits 

The effects  of non-aqueous glass f iber  f in i shes  on s t rength  w e r e  

a l s o  studied in the cour se  of th i s  evaluation. 

R-74  f i b e r s  w e r e  t r e a t e d  respect ively with one percent  Quanta 1O25Cpr i n  

Two groups  of f r e sh ly  made  
.I. 

‘kThalco, 6431 Flo t i l l a  S t ree t ,  Los Angeles  22, California.  
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Figure  4. F i b e r  t ens i l e  s t rength  appara tus .  
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methyl  ethyl ketone and with ten percent  Linde A-1100;: in anhydrous 

xylene. 

the  finishes a s  p re sc r ibed  by the i r  manufac tu re r s .  

d r i e d  and evaluated. 

A-1100 finish improved the mean tens i le  s t rength of R-74 by 25 percent .  

The 1025C f in ish  lowered the tensi le  s t rength and increased  the s c a t t e r -  

ing of data .  

After immers ion  the  f i b e r s  were  washed with water  to  hydrolyze 

The f ibe r s  were  then 

T h e  r e s u l t s  a r e  a l s o  shown in F igu re  5. The 

To study the effect of t ime  on the s t rength of f ibe r s ,  R-74 f i b e r s  

f r o m  a freshly made batch were  tes ted  in var ious  t ime  increments  over  

a twelve-day per iod.  

d e c r e a s e  i n  s t rength with t ime  is not indicated. 

would be noted, perhaps ,  with a m o r e  p r e c i s e  appara tus .  

In F igure  6 it is seen that the expected sha rp  

Significant differences 

Static Heat Resis tance 

To determine the r e s i s t ance  of var ious bulk f i b e r s  to  2750 "F 

(1510 "C) a s ta t ic  heating t e s t  w a s  conducted. 

t e s t ed  about one-half g ram of depelletized f ibe r s  was p r e s s e d  gently 

into a loose bal l  about three-fourths  inch in d iameter  and placed on a 

s e t t e r  r i ng ,  F igu re  7,  in an  oxygen-acetylene fusion furnace.  

f i b e r s  were heated at the r a t e  of about 500 "C per  hour t o  1520 "C and 

the  furnace was shut off and permi t ted  to  cool normal ly  to  room 

t empera tu re .  

o r d e r  of decreasing r e s i s t ance  in Table 3. 

of F ibe r f r ax  appeared  to  be be t te r  than tha t  of R-89 and R-108. This  

was unexpected because the fusion point of F i b e r f r a x  was 1740 "C, or  

70 "C and 90 "C lower,  respect ively,  than R-89 (1810 "C) and R-108 

(>1830 "C). 
apparent ly  it was somewhat she l te red  f r o m  the same  degree  of radiant  

and convective heating to  which the  other m a t e r i a l s  were  subjected.  It 

is noteworthy that  the poores t  p e r f o r m e r  of the  r e f r ac to ry  f ibe r s  tes ted  

was  zirconia llBll and that  "E" g la s s  w a s  completely mel ted  and 

vaporized.  

With each m a t e r i a l  to be 

The 

The r e su l t s  a r e  shown in F igu re  7 and a r e  l is ted in 

The t empera tu re  r e s i s t ance  

Since the F i b e r f r a x  was placed down inside the  r ing ;  

Wilicones Division, Union Carbide Corporat ion,  2770 Leonis Blvd. , 
Los Angeles (Vernon) 58, California.  
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Before  t e s t  

After  heating to 1 5 1  O°C (2750OF)  

F i g u r e  7. Static hea t  r e s i s t a n c e  of 
f i b e r s .  
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F i b e r  

F iber f rax '  

R-108 

R-89 

R-99 

R-76 

Zirconia  
2 IIBII 

"E" g la s s  

Shape 
Retention Shrinkage 

Some 

Some 

Some 

Excess ive  

Excess ive  

Ex t reme  

Vaporized 

Good 

Good 

F a i r  

Poor  

Poor  

Poor  
- 

Fusion 

Slight 

Slight 

Slight 

Excessive 

Nearly complete 

Near ly  complete 
- 

Resiliency 

Very good 

Good 

Fair 

Poor  

Po0 r 

Po0 r 

1. The Carborundum Company, Niagara Falls, New York. 

2. H. I. Thompson Fiber  G las s  Co. , Inglewood, California. 

Table 3. Static heat res i s tance  of f ibers .  

D. FIBER-RESIN COMPOSITES 

Mater ia l s  Selected for  Composites 

The selection of the final f iber compositions for  volume fiberizing, 

felting, and composite fabrication was  based on th ree  f ac to r s  - high 

yield,  high fusion t empera tu re ,  and, where significant, the type of com-  

posit ion,  with emphas is  placed on yield because of the l a r g e r  quantit ies 

of f i be r s  requi red  for  fabrication of composite t e s t  specimens.  

se lec ted  f ibe r s  a r e  shown in  Table 4, which lists yield,  fusion t emper -  

a t u r e ,  and composition type. F iber f rax  was  included in the composite 

t e s t s  f o r  a comparison of the new f ibe r s  with a typical commerc ia l  

mater ia l .  

The 

Composite Fabr ica t ion  

The f ibe r s  selected fo r  composite s tudies  were  depelletized by 

swirling small batches in a closed c i r cu la r  chamber  with a s c r e e n  open- 

ing in the periphery.  

Waring Blendor in for ty  g r a m  batches. 

The cleaned f ibe r s  were  felted with a one-gallon 

The suspension fluid was  3500 cc  
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of a two percent  solution of Linde A-1100 s i lane f inish in water .  

blendor w a s  permit ted to  agi ta te  the suspension f o r  2-1 / 2  minutes  at a 

low speed af te r  which the f i b e r s  w e r e  poured into a ten-inch Buchner  

fi l tering funnel connected t o  a vacuum pump. 

f i l t e r  paper  and the resul t ing fel t  was  f r e e  of pe l le t s ,  v e r y  uni form i n  

texture  a n d  thickness,  and the f i b e r s  were  randomly or ien ted  and  wel l  

i n t e rmeshed  in the plane of the felt ,  F igu re  8. Two sepa ra t e  batches of 

R-74 f i b e r s  were  t r ea t ed  p r i o r  to felt ing with the two non-aqueous g l a s s  

f iber  finishes previously de scribed. 

The  

The  f ibe r s  se t t led  on the 

F i b e r  Yield 
Composition g m  pe r  50 

Number  B las t s  

R4 5 6. 6 

R74 I 8 * 6  

Fus ion  
Tempera tu re  

Degrees  C 

1475 

1450 

R76 3. 2 1605 

R86 1. 2 1680 

R89 

R99 

1 . 5  

7 .0  

181 0 

1580 

R108 1830 

R l l 9  I 3 * 4  
R123 

R141 

1 2. 2 

1 1 .4  

1575 

1575 

1530 

Type of 
Composition 

Magne s ia-Spinel  plus  

Magne sia -Alumina - 

Magne sia -Alumina - 

Sil ica-Zirconia  plus 

Zinc -Spinel -Silica 

Magnesia -Alumina - 
Zirconia  -Silica 

Zinc-Spinel plus 
Sil ica and  F lux  

Magnesia -Alumina - 

R76 plus F lux  

Calcia -Alumina- 

Sil ica 

Z i rconia-Si l ica  

Z i rconia-Si l ica  

F lux  

Zi rconia  -Silica 

F luor ide  (no Si l ica)  

Table  4. F i b e r  compositions se lec ted  f o r  composi te  specimens.  
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F i g u r e  8. C e r a m i c  f iber  fe l t s  f o r  composi te  spec imen fabricat ion.  

L 
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The ten-inch fel ts  of the se lec ted  f i b e r s  ( t r ea t ed  with the appropr i -  

a te  f iber  finish) were  impregnated by soaking them in the following r e s i n  

solution: 

F i b e r s  70 p a r t s  by weight 

C T L  9 1 - L D  r e s i n  

Ace tone 

43 p a r t s  by weight of 7 0  percent  varn ish  

43 p a r t s  by weight 

The 43 pa r t s  by weight of 7 0  percent  varn ish  i s  the equivalent of 30 p a r t s  

by weight of res in  solids.  

because of the improved high tempera ture  per formance  of composi tes  

made with a lower r e s in  content. 

t h ree  hours  at 90°C,  a f t e r  which two-inch d isc  and one inch by eight 

inch bar  premold specimens w e r e  cut f rom the felts .  

spec imens  were then placed in the appropriate  dies  and molded a s  

follows: 

The 70-30 f i b e r - r e s i n  r a t io  was  se lec ted  

The impregnated fel ts  w e r e  dr ied  fo r  

The premold  

Die - 
Die Molding To ta l  

Tempera tu re  Time P r e s s u r e  

2 inch disc 150°C 60 minutes  4 tons 

1 inch by 8 inch bar  150" C 60 minutes  1 0  tons 

The specimens were  postcured according to a p rogrammed  heating 

cycle a s  follows: 

pe ra tu re  gradually in 42 hours  to 400"F,  maintain four  hour s  a t  400°F. 

maintain specimens 18 hours  a t  275"F, i nc rease  t e m -  

Compo s i te  Evaluation 

All strength testing was  conducted a t  room t empera tu re  with a 

Baldw in- Tate -Eme  r y  T e sting Ma chine. 

p e r f o r m e d  according to  the ASTM D790-58T t e s t  p rocedure  using a t e s t  

specimen of approximately 0. 1 x 0. 5 x 4 inches,  and a t e s t  span of two 

inches. 

s h e a r  t e s t s  were conducted with the 2-inch d i sc s  according to the ASTM 

D732-46 testing procedure.  

F l exur  a1 s t rength t e s t s we r e  

The modulus of e las t ic i ty  in  f lexure was  a l s o  determined.  Punch 

It was  seen that the R-74 composite had the highest  average  f lexural  

s t rength,  19,958 ps i ,  and that R-89 had the highest  punch s h e a r  s t rength,  

11, 509 psi. This did not a g r e e  with the single f ibe r  tensi le  s t rengths  
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r epor t ed  f o r  these mater ia l s .  

a l s o  not c lear ly  indicated and did not a g r e e  with the single f iber  tensi le  

s t rengths  . 

The effects of anhydrous finishes w e r e  

P l a s m a  a r c  t e s t s  were  conducted on composite specimens under  a 
2 hea t  flux of 550 BTU/ft  -sec.  

ablat ion r a t e  of 0. 011 to 0. 016 inch per  second. The composites con- 

taining R-99 f ibe r s  had the lowest ablation r a t e ,  a n  average  of 0. 008 

inch p e r  second f o r  two specimens of different thicknesses .  

r a t e s  of mos t  of these m a t e r i a l s  ag reed  with a value of 0. 013 inch pe r  

second for  F iberg las -Micar ta  No. 2 5 9 - 2  a s  repor ted  by the Engineering 

Exper iment  Station a t  Georgia Institute of Technology. 

Most spec imens  had a fa i r ly  uniform 

The ablation 

E. FABRIC DEVELOPMENT 

Carding Studies 

F r o m  the r e su l t s  of a survey of s e v e r a l  industr ia l  plants and 

univers i t ies  ea r ly  in 1962 the carding operat ion was ascer ta ined  to  be 

the mos t  important  and difficult problem in process ing  ce ramic  f i b e r s  

into s t rong fabr ics .  

s e v e r e  bending around the wire  combs in a conventional carding machine.  

One producer  of c e r a m i c  fabr ics  ut i l izes  an  organic  f iber  c a r r i e r  web to  

support  the c e r a m i c  f ibe r s  through the carding, spinning, and weaving 

opera t ions ,  but the fabr ic  strength i s  d ras t ica l ly  lowered when the 

organic  m a t e r i a l  i s  burned out. The only information obtained f r o m  the 

l i t e r a tu re  on this problem concerned techniques fo r  carding a sbes tos ,  a 

much m o r e  flexible fiber.  

The f ibe r s  a r e  much too br i t t l e  to withstand the 

F o r  these r easons  two approaches for  studying the carding problem 

w e r e  undertaken: 

Georgia  Insti tute of Technology, to study methods of modifying conven- 

t ional carding techniques and a para l le l  p rog ram a t  Hughes Aircraf t  

Company to  study new, ent i re ly  different carding pr inciples .  

a s m a l l  program with the A. F r e n c h  Textile School, 

Subcontract on Carding Studies 

The subcontract  i s sued  to the A. F r e n c h  Textile School consis ted 

(1)  a study of the feasibi l i ty  of using conventional texti le of two phases :  
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mach ine ry  f o r  p rocess ing  c e r a m i c  f i b e r s  into f ab r i c s ,  and (2)  the e s t ab -  

l ishment  of c r i t e r i a  based on the c h a r a c t e r i s t i c s  of c e r a m i c  f i b e r s  in  

o r d e r  to develop spec ia l  machinery  to proce 'ss  c e r a m i c  f ibe r s  into f a b r i c s  

without the use of organic  c a r r i e r  f ibers .  

on 2 December 1962 and the work accomplished is descr ibed  in the 

following section a s  repor ted  by the P r o j e c t  D i rec to r ,  P r o f e s s o r  J. W. 
McCar ty  of the A. F r e n c h  Textile School. 

The  p r o g r a m  was  completed 

F ina l  Repor t ,  P ro jec t  No. A-638 
IIExperimental Carding and Weaving of C e r a m i c  F ibe r s "  

Hughes Ai rc ra f t  Company P. 0. 4-71 2607-FF31-3 
P e r i o d -  25 June to  3 December  1962 

I. Summary 

Experimental  carding of t r e a t e d  and unt rea ted  F i b e r f r a x  

f iber  was c a r r i e d  out on existing types of texti le carding equipment 

available in the A. F r e n c h  Textile School. 

ceramic  f iber  w a s  not found possible with ord inary  machinery  s e t  

up, minor  adjustments  w e r e  made  on the equipment such as lower-  
ing of speeds and changing of sett ings.  

F iber f rax  f ibe r s ,  having t r ea tmen t s  P F - 4 ,  P F - 1 4  and P F - 1 5  

(descr ibed  l a t e r ) ,  but none w e r e  s t rong enough f o r  continuous 

gathering into a s l iver .  

equipment f r o m  a blend of 50 percent  un t rea ted  F i b e r f r a x  f i b e r s  

and 50 percent  a sbes tos  f ibers .  

When carding of the 

Webs w e r e  fo rmed  f r o m  

A s l iver  w a s  fo rmed  on a sbes tos  carding 

An a t tempt  was  made  to  f o r m  the F i b e r f r a x  f ibe r s  into pape r  

which could be slit and twisted into a f o r m  suitable f o r  use  on 

texti le equipment. 

pe rmi t  twisting. 

The  pape r s  made  w e r e  not s t rong enough to  

A brief investigation of the feasibi l i ty  of e lec t ros ta t ic  f ibe r  

alignment equipment was  made. Alignment w a s  t r i ed ,  init ially 

using one-half inch conventional g l a s s  f iber  bundles on a n  adhesive 

coated base mater ia l .  However ,  the tangled tufts of F i b e r f r a x  

ceramic  f ibe r s  could not be sepa ra t ed  wel l  enough to  p e r m i t  these  

f i b e r s  to be propel led through the charged  g r i d  of the machine. 
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11. Objective 

The long range objective of this  p r o g r a m  was  to develop 

techniques of weaving ce ramic  f ibe r s  into fabr ic  (without u s e  of 

c a r r i e r  f i b e r s )  in such a manner  as  to re ta in  maximum f ibe r  

length and strength.  

the ul t imate  objective could be m e t  was to f o r m  a s l ive r  o r  roving 

f r o m  the f ibe r s  by the use  of text i le  carding machinery  o r  o ther  

f iber  orienting equipment. 

A more  immediate  and n e c e s s a r y  s t ep  before 

111. ExDerimental  P rocedure  
~ ~~ ~ ~~~ 

The f i r s t  s t eps  taken involved the processing of the f ibe r s  

through var ious commerc ia l  types  of texti le machinery  located i n  

the A. F r e n c h  Text i le  School. 

descr ipt ion is l i s ted  below. 

The type of machinery  used  and its 

1. 

2. GRANULAR COTTON CARD. This  is a n  o rd ina ry  

REGULAR COTTON CARD with revolving f la ts .  

cotton c a r d  in which the revolving flats have been rep laced  with a 

g ranu la r  top. 

sa id  to  be much l e s s  ha r sh  and  m o r e  gentle to  the f ibers .  

The act ion of th i s  type of top ove r  the cyl inder  is 

3 .  ROLLER T O P  CARD. This  is a n  o rd ina ry  cotton c a r d  

in which the revolving flats have been rep laced  by six wi re  covered  

ro l l s  - t h ree  l a r g e r  ro l l s  called the worke r  ro l l s  and th ree  s m a l l e r  

ro l l s  cal led the s t r i p p e r  r o l l s .  

4. WOOLEN CARD. The ord inary  woolen c a r d  cons is t s  of 

a ba t te ry  of t h ree  sections - b r e a k e r ,  intermediate  and  f in i sher  - 

with a "Bramwell- type" feed a t  the beginning b r e a k e r  sect ion and  

a tape condenser  sect ion following the f in i sher  section. 

the th ree  sect ions consis ts  of l a rge  wi re  covered  cy l inders  having 

a s e r i e s  of w i re -cove red  rolls cal led w o r k e r s  and  s t r i p p e r s  

a c r o s s  the top half of each l a r g e  cylinder.  

Each  of 

The first effor ts  t o  c a r d  the long s taple  bulk F i b e r f r a x  fine 

f i b e r s  furn ished  by Hughes on  the equipment desc r ibed  above was  

a lmos t  en t i re ly  unsuccessful.  Rega rd le s s  of which c a r d  w a s  used  
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the action was the same  f o r  each. 

crumbled to dust and dropped under the ini t ia l  feed ro l l  o r  the 

l icker - in  a t  the entrance of the machine. 

survived the feed ro l l  and l icker - in  action w e r e  so fine that they 

w e r e  deeply embedded in  the w i r e  clothing of the cyl inder  so that 

the doffer would not remove  them for  f ina l  del ivery to  the f ron t  of 

the card. 

Almost  all of the f i b e r s  were  

A ve ry  few f ibe r s  which 

Slight modifications w e r e  made  on the g ranu la r  top card.  

The feed roll  was r a i sed  until ve ry  l i t t le p r e s s u r e  w a s  exer ted  on 

the fiber a s  i t  passed  between the feed ro l l  and the feed plate. 

This  made i t  possible f o r  m o r e  of the f ibe r s  to r each  the l icker - in  

but the action of the l icker - in  was such that no m o r e  f ibe r s  passed  

the l icker- in  than had in previous tes t s .  

was attached to the l icker - in  and the speed reduced until i t  was 

only one-fourth the no rma l  speed. This  speed reduction had no 

fur ther  effect on the carding of the f iber  s ince the bulk of the 

f iber  never reached the l icker-in.  

A var iab le  speed dr ive  

A portion of the F i b e r f r a x  f iber  was run  on a production-line 

asbestos  c a r d  a t  a United States  Rubber Company mill. 

previous a t tempts  on other  c a r d s ,  the f iber  could not be carded  by 

i tself ,  but a low strength s l ive r  was produced f r o m  a mixture  of 

approximately 50 weight percent  F ibe r f r ax  and 50 weight percent  

of Triple A grade  asbestos .  

personnel f rom Georgia Tech.and the U. S. Rubber Company that 

i f  t ime were  available fo r  p rope r  ad jus tments  to the spacing and 

speed of the components of an  asbes tos  c a r d  that a much improved 

Fiber f rax-asbes tos  s l iver  could be produced. 

As in a l l  

It was general ly  ag reed  by the 

Five boxes of f ibe r s  t r ea t ed  with var ious  organic  lubricants  

and finishes w e r e  received f r o m  Hughes Ai rc ra f t  Company and 

w e r e  designated by the numbers :  P F - 4 ,  P F - 1 1 ,  P F - 1 3 ,  P F - 1 4  

and PF-15. A descr ipt ion as to the t r ea tmen t  each of the above 

samples  received i s  given in  a l a t e r  section. 

amount of t ime was  available to work with them because they w e r e  

received la te  in the program.  

Only a l imited 

A portion of each of the five samples  
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was run  on the carding equipment available a t  Georgia  Tech.with 

the best  r e su l t s  being obtained on the Granular  Cotton Card. On 

this c a r d ,  a small amount of s amples  P F - 4 ,  P F - 1 4  and P F - 1 5  

passed  through the c a r d  and was  s t r ipped f r o m  the doffer by the 

doffer comb. 

P F - 1 5  was  discharged a t  the front  of the c a r d -  probably l e s s  than 

one percent  of the f ibe r  entering the card.  

s amples  had l i t t le drop-out under  the feed roll o r  the l icker - in  due 

to  the i r  crushing action. 

in the clothing of the main  cylinder and the doffer rolls.  

t rast ,  sample  P F - 1 4  had much m o r e  drop-out under  the feed ro l l s  

and l icker - in ,  probably approaching 25 to 50 percent  of the f iber  

fed into the ca rd ,  but had l e s s  f iber  t rapped  in the clothing on the 

ma in  cylinder and doffer rolls.  

in much the s a m e  manner  as  the untreated f i b e r s  studied e a r l i e r  

in the contract  - that is, the major i ty  of the f ibe r s  dropped out at  

the feed ro l l  and those passing through were  t rapped  in  the clothing 

of the ma in  cylinder. 

Only a ve ry  small amount of s amples  P F - 4  and 

However,  these two 

The major i ty  of the f ibe r s  w e r e  t rapped  

In con- 

Samples  PF-11  and  P F - 1 3  behaved 

F o r  the t h r e e  samples ,  of which a portion of the m a t e r i a l  

pas  sed through the c a r d ,  the m a t e r i a l  was  d ischarged  sporadical ly  

and had the appearance of downy, duck fea thers .  In no c a s e  was  a 

continuous web formed.  

The g ranu la r  cotton c a r d  was  readjus ted  so  that all sett ings 

w e r e  a s  close a s  possible. 

the percentage of ma te r i a l  d i scharged  at the f ront  of the c a r d  was  

inc reased  a f t e r  the adjustments  w e r e  m a d e ,  but the d ischarge  was  

still not in the f o r m  of a web. 

still tended to "load-up" with fine f ibers .  

ro l l  with a hand c a r d  jus t  ahead of the doffer comb a web of f ibe r s  

could be s t a r t e d  and would continue until  the doffer comb had  made  

a complete revolution, thus stripping the f ibe r s  f r o m  the clothing. 

Attempts  w e r e  made  to  pass the sho r t  lengths of web fo rmed  in 

this m a n n e r  through the t rumpet  and  ca lender  ro l l s  but in  m o s t  

F o r  samples  P F - 4 ,  P F - 1 4  and  P F - 1 5 ,  

The doffer and  the m a i n  cyl inder  

By touching the doffer  

3 3  



c a s e s  the s l iver  would b reak  a lmos t  as soon as it s t a r t e d  to  form.  

The web as  fo rmed  would take v e r y  l i t t le  twisting. 

The experience with these  th ree  t r e a t e d  f iber  s amples  is 

encouraging, 

of the proper  ro l l s  t o  help with the t r a n s f e r r i n g  of f ibe r s  f r o m  the 

m a i n  cylinder t o  the dof fer  and  some  a i d  t o  the doffer combs  in 

removing the web f r o m  the doffer. 

Additional work should be d i r ec t ed  to  the addition 

Ea r ly  in the contract  it was observed  that s tandard  texti le 

process  equipment was  not p rac t i ca l  with p re sen t  inorganic  f iber  

technology. A different  line of a t tack was  suggested.  In recent  

y e a r s  a g r e a t  quantity of paper  h a s  been twisted and  woven into 

products on regular  texti le process ing  equipment. 

method does not involve the use  of fluted feed ro l l s  as  is the c a s e  

with most  textile equipment,  i t  was  thought that th i s  technique 

might  be ideal  fo r  th i s  application. 

Since th i s  

Accordingly, a r r angemen t s  were  made with the Her ty  

Foundation of Savannah, Georgia ,  to t r y  to  convert  th i s  f i be r  to a 

shee t  f o r m  suitable fo r  slitting and  twisting into a paper  type of 

yarn.  

the coordination of science and manufacturing of cellulose products.  

Specifically this Foundation h a s  done a g r e a t  dea l  of f ine work in 

the conversion of pine wood-pulp into pape r s  of var ious  kinds and 

grades ,  

This  Foundation is a state-owned corpora t ion  charged  with 

The Her ty  Foundation p repa red  eleven small hand shee ts  f r o m  

the F ibe r f r ax  (long s taple ,  fine f ibe r )  furn ished  by Hughes A i r -  

c r a f t  Company. These  shee ts  were  compounded as follows: 

1. 100% F i b e r f r a x  without binder. 

2. 90% F i b e r f r a x  and 10% National Resyn  X-Link 2933 

(A vinyl-acryl ic  copolymer)  

9070 F i b e r f r a x  and  10% Chemigum 235 (a butadiene- 

acry loni t r i le  copolymer)  

90% F i b e r f r a x  and  10% Bleached Sulfite F i b e r  without 

binder. 

3. 

4. 
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5. 

6. 

7. 

8. 

9. 

10. 

11. 

7570 F ibe r f r ax  and 2.570 duPont HS1 (a modified 

cellulo s e ma te r i a l )  

90% Fiberf  rax and 10% Chemigum 5 20 (a  butadiene - 
acry loni t r i le  copolymer) 

90% F i b e r f r a x  and 1070 Hycar  2600-30 ( a  latex acry l ic  

polymer)  

8070 F ibe r f r ax ,  10% National Resyn X-Link 2833 ( s e e  

2 above) and 10% Chemigum 520 ( s e e  6 above) 

90% F ibe r f r ax  and 10% Hycar  Latex 1571 (a carboxy-  

modified butadieneacrylonitr  i l e )  

90% F i b e r f r a x  and 1070 Hycar  Latex 2671 ( an  ac ry l i c  

emu1 sion) 

100% F i b e r f r a x  (using the long s taple  medium f iber )  

In addition, a twelfth sheet  was produced using 5070 F i b e r -  

frax,  fine f iber  and 50% Kaowool. 

Quoted below a r e  the comments  of the Labora tory  Supervisor  

a t  the Her ty  Foundation regarding the r e s u l t s  of these  experiments:  

"This  f ibe r  produced a v e r y  weak sheet  when p repa red  with- 

out the use  of internal binders. We found that th i s  f iber  could not 

to le ra te  the shear ing action produced in  conventional woodpulp 

dispers ing equipment. 

somewhat in the dispersing s tage p r io r  to forming the sheets.  

The average  f iber  length was  shortened 

Severa l  handsheets  were p repa red  incorporat ing binders  

with the f iber .  

s t rength to the finished sheet. Th i s ,  of cour se ,  does not rule  out 

the possibil i ty that  an  acceptable sheet  can be fo rmed  f r o m  th is  

f iber.  

be t r i e d  in  th i s  program.  ' I  

None of the binders  used added apprec iab le  

T h e r e  a r e  many techniques and additives which a r e  yet to 

Our inspection of these shee ts  conf i rm the above observat ions.  

None of the sheets  contain f iber  having sufficient length and  s t rength 

t o  enable a sli t t ing and twisting p r o c e s s  to  be performed.  

Another method for  orienting fibers -='as investigated - 
e lec t ros ta t ic  flocking. 

a backing and  the backing and adhesive p a s s e d  through a n  

In this  p r o c e s s  a n  adhesive is applied to  
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electrostat ic  field by placing the backing on a m e t a l  plate con- 

nected to  the negative t e rmina l  of a high voltage power supply. 

The f ibers  a r e  in a container  dis t r ibuted evenly over  a g r i d  

electrode where  they receive a positive charge.  

charged f ibers ,  upon passing through the g r id ,  a r e  pro jec ted  

toward the negative pole and impinge ver t ica l ly  on the adhesive. 

These  posit ively 

This  p rocess  was first successful ly  t r i e d  with 1 /2 inch long 

bundles of F ibe rg la s  normally used  for  re inforcement  of plast ics .  

A Dekor labora tory  flocking machine with 20, 000 volt potential ,  

and a hand held plexiglass f ibe r  container with a n  opening covered 

by a hardware  cloth g r id ,  was used. F i b e r s  w e r e  aligned on a n  

adhesive coated backing by shaking the f iber  container ,  allowing 

the f ibers  to fall through the positively charged g r id  onto the 

backing m a t e r i a l  which had been placed on the negatively charged  

plate. I t  was  found, a s  recommended by the manufac turer ,  that  

the f ibe r s  worked best  in  a relat ive humidity of 60 to 80 percent.  

While the 1 / 2 inch F ibe rg la s  bundles responded well  to  th i s  

technique, effor ts  to align the F i b e r f r a x  f i b e r s  were  not as suc-  

cessful. Even af te r  chopping the F i b e r f r a x  f i b e r s  to  sho r t  lengths 

the tendency was fo r  these f ibe r s  to cling together  a t  random angles  

thus clogging the g r i d  and keeping them f r o m  being propel led to  

the negative plate. 

Future  Work 

Future  work to  produce a s l i v e r ,  a ya rn  and ul t imately a 

cloth f rom c e r a m i c  f ibe r s  of the F i b e r f r a x  type should be d i rec ted  

toward a m o r e  basic  study of the bending behavior of both individual 

f i be r s  and bundles of f ibe r s  and  the effects of coating t r ea tmen t s  

on these f ibers .  

through the c a r d  not completely broken up while the untreated 

F ibe r f r ax  f i b e r s  w e r e  c rumbled  into powder is encouraging. 

s l iver  produced on the a sbes tos  c a r d  when the f ibe r  was  blended 

with asbes tos  f iber  was a l so  encouraging. 

The fact  that  t r ea t ed  F i b e r f r a x  f ibe r s  came  

The 
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A m o r e  thorough and detailed study of the carding of 

t r ea t ed  f ibe r  i s  recommended, involving the use of a sample c a r d  

whereby the ro l l s  a s  well a s  the s ize  of the c a r d  clothing can be 

readi ly  changed. 

out, a fu r the r  study to improve the cha rac t e r i s t i c s  of staple 

ce ramic  f ibe r s ,  including composition forming equipment and 

t r ea tmen t  of the f resh ly  formed f ibe r s ,  should be included. 

At the same t ime such a study i s  being c a r r i e d  

F i b e r  Lubricants  and Fin ishes  (Hughes Aircraf t  Company) 

A s e r i e s  of seventeen organic and inorganic ma te r i a l s  was formu-  

la ted,  Table 5 ,  f o r  coating the raw f ibers  to promote lubrication during 

carding. 

and evaluated for  the i r  abi l i t ies  to allow hand twisting with minimum 

breakage. 

se lec ted  for  t reat ing twenty-pound quantit ies of F i b e r f r a x  fine staple 

f i b e r s  which were  sent  t o  the A. F r e n c h  Textile School f o r  carding 

s tudies  a s  descr ibed  in the previous section. 

Small  bundles of F iber f rax  were  dipped in each solution, dr ied  

F r o m  these simple tes t s  five of the formulations were  

Carding Studies at Hughes Aircraf t  Company 

A l l  of the m o r e  o r  l e s s  unconventional mechanical  carding methods 

t r i e d  in  this  p rogram broke the br i t t le  f ibers  into lengths too shor t  f o r  

spinning. 

med ia  to manipulate and or ien t  the f ibers .  

F i b e r f r a x  w a s  achieved with a closed c i r c u l a r  chamber  in  which a 

m e a s u r e d  quantity of f ibe r s  was swir led  with a i r  j e t s  for  s e v e r a l  

minutes .  Under optimum conditions of f iber  quantity, air  p r e s s u r e  and 

t i m e ,  a definite '!stringing" of the f ibe r s  into crude s t r ands  was achieved. 

The s t r ands  could be twisted by hand into c o a r s e  roving much m o r e  

eas i ly  than before  the swirling operation. 

a i r  ( such  as combing with a i r  je ts)  w e r e  not successful.  

F o r  this  r eason  work was concentrated on utilizing fluid 

Semi-orientat ion of fine 

The orienting methods using 

Hand manipulation was even m o r e  promising with wa te r  as the 

fliiid medium. 

twisted into roving. 

cause  them to r ema in  in place a s  the roving was formed.  

F i b e r  s t r ands  immersed  in wa te r  w e r e  eas i ly  joined and 

The water  s eemed  to he lp  lubricate  the f ibe r s  and 

A three-foot  
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Linde Air  Products  Co. ,  30 E. 42nd St . ,  New York 17, 
New York. 

Carbide and Carbon Chemicals Co., New York, New York. 

Kelco Co.,  San Diego California. 

Union Carbide Chemical Co. 30 E. 42nd St . ,  New 
York 17, New York. 

Nalco Chemicals  Co. 216 W. 66th P lace ,  Chicago, 
Illinois. 

l tBaymal l '  - E. I. DuPont de Nemours  & Co.,  Industr ia l  
& Biochemicals  Dept. , Wilmington, Delaware.  

E. I. DuPont de Nemours & Co.,  Gras se l l i  Chemicals  
Dept. , Wilmington, Delaware. 

Carborundum Co. ,  Niagara Falls, New York. 

The Iner to  Co. ,  San Franc isco ,  California. 

More Power  Lubricool Co . ,  21333 Woodward Ave. ,  
Ferndale  20, Michigan. 

L. H. Butcher  Co. ,  3628 E. Olympic Blvd. Los Angeles ,  
California. 

Wholesale Supply Co. ,  1047 N. Wilcox, Los  Angeles,  
California. 

W. Kent P e r k i n s  Process ing  Special t ies ,  63 E. Lake St. , 
Chicago, Illinois. 

A commerc ia l  s p r a y  s tarch - shopping marke t s .  

E. I. DuPont de Nemours  & Co.,  Industr ia l  81 Bio- 
chemical  s D ept. , Wilmington, Delaware.  

t tMall inkrodt l t  - Reagent Grade  

S. Paul  Ward Co. 601 Miss ion ,  South Pasadena ,  
California. 

Glasrock  Corp. , 1101 Glidden St. , Atlanta 18, Georgia.  

Table  6. Raw m a t e r i a l  sources .  

length of y a r n  twisted f r o m  the wet roving had  a d r y  tens i le  s t rength  of 

150 psi. 

ave rage  d r y  tens i le  s t rength of 1630 psi. Although a t tempts  to  mechanize  

these  techniques did not prove  successful ,  the possibi l i t ies  of carding 

f i b e r s  and  forming y a r n  under  water o r  o ther  l iquids a r e  highly 

promising.  

Another  y a r n  braided wet f r o m  th ree  roving s t r ands  had  a n  
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Reflective Coatings 

Initially, it was  anticipated that inorganic  reflective coatings 

applied to ceramic  o r  g l a s s  f a b r i c s  might improve  the i r  r e s i s t ance  to  

rad ian t  heat,  

mill ing four  hour s  with dis t i l led wa te r  to  obtain a s l ip  of spraying con- 

sistency. These m a t e r i a l s  w e r e  applied to  Type 181 E - g l a s s  cloth and  

t e s t ed  as  descr ibed in the following section. 

The  m a t e r i a l s  l i s ted  in Table  7 w e r e  p repa red  by ball  

Raw Mater ia l s  - Coating Numbers  
Weight Percent  HPC-1 H P C - 2  HPC-3  HPC-4  HPC-5  HPC-6 

Magnesia  (dense) 100 

100 1 5  duPont titania 

Calcium 100 

R901 

carbonate i6  

alumina 6 
Baymal  colloidal 100 

Calcined 100 
P l a s m o  clay 

F u s e d  sil ica 100 
f lour  1 8 

Binders :  
Maccaloid9 2 2 2 2 2 2 
Yellow dextrine 11 1 1 1 1 1 1 

1 7  

*For  sources  of m a t e r i a l s  s ee  Table  6. 

Table 7. Inorganic ref lect ive coatings fo r  fabr ics .  

F. FABRIC TESTING 

A study w a s  conducted of the pe r fo rmance  of g l a s s ,  a sbes tos ,  

F i b e r f r a x  and Ref ra s i l  f ab r i c s  under  s imula ted  environmental  conditions 

f o r  a flexible hea t  shield on a l a r g e  boos te r  rocket. A testing appara tus  

w a s  constructed to subject  f a b r i c  spec imens  s imultaneously to  specif ied 

dead weight loadings, high radiant  hea t  f luxes,  and ex t r eme  cyclic t r a n s -  

v e r s e  displacement  of one end i n  the plane of the fabric .  A s ta t i s t ica l  
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analys is  w a s  employed in  the comparison of the c e r a m i c  and a sbes tos  

f a b r i c s  with Type 181 E-g la s s  fabr ic  as  a standard.  

F a b r i c  Testing Apparatus  

The f r amework  of the fabr ic  testing appara tus  was  cons t ruc ted  of 

3 / 8  inch plate s t ee l  f o r  ruggedness,  F igu re  9. Smooth-jawed s ta in less  

s t e e l  fabr ic  c lamps  were  attached to the f ramework  and to  a movable 

displacement  a rm which was in  turn at tached to a double para l le logram 

linkage t o  maintain para l le l i sm between the jaws a t  a l l  t imes .  

placement  arm was  connected to  the m a i n  dr ive  shaft  with a n  eccent r ic  

s o  that the double amplitude t r ansve r se  displacement  could be adjusted 

f r o m  z e r o  to two inches. 

m o t o r  through stock g e a r  s e t s  to  produce displacement  f requencies  of 

one to  five cps. The lower jaw was connected through the linkage and  a 

l e v e r  a r m  to a n  adjustable spr ing sca le  for  loading the fabr ic  spec imen 

under  tension f r o m  z e r o  to  60  pounds p e r  l ineal inch. 

m e n  s i ze  was three  by six inches. 

of a se t  of five G. E. tubular quartz  l amps  mounted in a Marquard t  

Corporat ion c e r a m i c  ref lector .  

such that the fabr ic  was  7 / 8  inch f rom the front  t h ree  tubular  lamps.  

240 volt  Var iac  was  used to adjust the heat  flux on the fabr ic  spec imen 

f r o m  z e r o  to 83. 5 BTU/ft  - sec .  

ut i l ized fo r  stopping the moto r ,  a cycle counter ,  and the radiant l amps  

immediately upon fai lure  of a fabric specimen,  and f o r  monitoring the 

power  input to the l amps  during a tes t .  

The d i s -  

The  main dr ive  shaft was dr iven by a g e a r  

The fabr ic  spec i -  

The radiant energy  source  consis ted 

During a t e s t  the re f lec tor  was  located 

A 

2 A cent ra l  power control  unit was  

F a b r i c  Specimens 

The var ious  g r a d e s  of the ma te r i a l s  tes ted  w e r e  those suggested 

by the respect ive manufac tu re r s  for  the intended application. 

s a m p l e s  w e r e  supplied f r e e  of charge. 

materials a r e  given in Table 8. 

All of the 

The genera l  p rope r t i e s  of the 

, 
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F i g u r e  9. F a b r i c  tes t ing appara tus .  
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F a b r i c  Testing P rocedure  and Analyses  

The first  operation in conducting the f a b r i c  t e s t s  consis ted of 

cal ibrat ing the appara tus  by determining the re la t ive  importance of the 

controllable s t r e s s  f ac to r s :  load, displacement  amplitude and f r e -  

quency, and thermal  flux. 

a s  a standard ma te r i a l  for making compar isons  between all m a t e r i a l s .  

Final ly ,  the fabric  t e s t s  and ana lyses  of f a b r i c  per formance  under 

s tandard conditions were  conducted. 

Type 181 E-g la s s  cloth was then selected 

Some pre l iminary  experiments  with Type 181 E - g l a s s  cloth 

indicated that t h e r e  were  d iscrepancies  in the r e s i s t ance  of the m a t e r i a l  

t o  radiant  heating depending upon which s ide of the specimen was 

exposed. 

of t e s t s  was conducted to a sce r t a in  which s ide ,  if exposed, would 

produce the leas t  e r r o r .  

A visual difference in both s ides  w a s  detected and a s e r i e s  

On one side of the cloth the weave resu l ted  in a pa t te rn  in which 

Each se t  in te rsec ted  two s e t s  of intersect ing para l le l  l ines appeared.  

the other set  and the horizontal  planes of the radiant  lamp axes a t  

acute  angles. 

side "B" the intersect ing angles  were  obtuse.  

This  side was designated side "A. On the r e v e r s e  

Ten specimens of the  cloth were  prepared  for  tes t ing.  

combination of the ten digi ts  was used to  decide which s ide  of each  

s t r i p  would be exposed to  the radiant heat.  

s ta t ic  load of 60 pounds per  l ineal inch and a the rma l  f l u x  of 60 BTU/f t2-  

s ec .  

expres sed  in f rac t ions  of a minute.  

day using a different random combination. 

indicated that the  t e s t  e r r o r  of side I'B" i s  considerably l a r g e r  than 

that of s ide "A. There fo re  side "A" was exposed in all subsequent 

compar ison  tes t s .  

A random 

The t e s t  conditions were  a 

The time to fa i lure  was measu red  to  the n e a r e s t  second and 

Tile t e s t  w-as  i-epsated c x i  aiiother 

An analys is  of the r e s u l t s  

These r e s u l t s  a r e  given in F igu re  10 .  

Since it was not obvious how the th ree  mechanical  s t r e s s  f a c t o r s  

should be ranked a s  t o  seve r i ty  of effects ,  th i s  aspec t  was then 

investigated with the E - g l a s s  cloth. 

was used incorporating the fac tor  levels:  

A fac tor ia l  exper imenta l  design 
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Figure  10. 

TEST CONDITIONS: 
DISPLACEMENT - 0 
FREOUENCY - 0 
LOAD 
HEAT FLUX - 24 B T U / F T * - S E C .  

- 60 POUNDS PER LINEAL INCH 

SIDE A SIDE B 

Differences  in s i d e s  of Type 181 E-glass  cloth. 
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. 
Displacement 

Frequency 1 and 2 cps 

Load 

0.  5 and 1 . 0  inch 

10 and 20 pounds pe r  

l ineal inch 
2 

The heat flux was maintained a t  a constant 10 BTU/ft  - s ec .  In o rde r  

t o  a s s u r e  that no heat was re f lec ted  f r o m  the  f a b r i c  su r face ,  a 1 / 2  

inch wide s t r ipe of Aquadag colloidal graphite was applied a c r o s s  the 

center  of each specimen,  pa ra l l e l  t o  the  lamp axes .  

conducted in random orde r  with t i m e  to  f a i lu re  a s  the response  and 

repea ted  a s  a repl icate .  

effects  in decreasing o r d e r  of magnitude gave the sequence: 

displacement  and frequency. F o r  example,  a t en  pound d e c r e a s e  in 

load was much m o r e  effective in increasing life span than the 1 / 2  inch 

d e c r e a s e  in displacement.  

doubling the frequency. 

The t e s t s  were  

An ana lys is  of the r e su l t s  indicated that the 

load,  

Also, the l a t t e r  was m o r e  effective than 

These  r e s u l t s  a r e  shown in F igu re  11. 

A s imi la r  study of t he rma l  s t r e s s ing  was conducted using the 

establ ished mechanical s t r e s s  conditions: 

inch, displacement - 0.  5 inch, and frequency - 2 cps.  The t h e r m a l  

fluxes were  5, 1 0 ,  15 and 40 BTU/f t  - sec .  Analysis of the t e s t  da ta  

revea led  a slight d e c r e a s e  in t ime to  fa i lure  between 5 and 10 BTU/ft  - 
s e c .  , but a sharp d e c r e a s e  (two o r d e r s  of magnitude) in t ime  t o  f a i lu re  

between 10 and 15 BTU/f t  - sec .  An interpretat ion of th i s  is tha t  a t  the  

lower heat flux the heating apparent ly  r eaches  a steady s ta te  equi l ibr ium 

with radiative and convective cooling in which the f ab r i c  t empera tu re  

load - 10 pounds pe r  l ineal  

2 

2 

2 

is well belzlw the softzIiing -,oiiit of the l?iit>A the h<-Ln- Le-+ 
"'5"" A 

flux t rans ien t  heating p reva i l s  throughout the t e s t  and the fabr ic  

t e m p e r a t u r e  rapidly r i s e s  above the softening point such tha t  fa i lure  

occur s  chiefly by viscous flow ra the r  than by mechanical  abras ion .  
2 The t ime  t o  failure at 40 BTU/f t  - s ec ,  was too shor t  t o  m e a s u r e  with 

the  colloidal graphite applied t o  the  specimen.  

graphi te  the E-g lass  cloth survived for a measu rab le  t ime  per iod 

apparent ly  because of its high ref lectance (and possibly a d e g r e e  of 

t ransmi t tance) .  

However, without the 
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F i g u r e  11. Mechanical s t ress ing  of E - g l a s s  at 10  B T U / f t  - s e c .  
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F r o m  the foregoing s tudies  the  f a c t o r  levels  were  establ ished for 

init ial  t e s t s  on ce ramic  fabr ics .  

conditions did not r e p r e s e n t  t he  mos t  s e v e r e  environment specif ied,  

but r a the r  they provided an  init ial  s tandard se t  of conditions which 

presumably  would allow the ma jo r i ty  of the f a b r i c  specimens to  survive 

for  a measurable  period of t ime so that the m a t e r i a l s  could be ranked 

and re tes ted  under increasingly s e v e r e  conditions. 

without qualification tha t  none of the m a t e r i a l s  submitted would surv ive  

the  s e v e r e s t  environmental  conditions anticipated for the flexible heat 

s hie Id. 

It mus t  be pointed out that  these  

It may be stated 

All the ma te r i a l s  descr ibed  in  Table 8 were  tes ted  under the 

specified initial conditions; the numer ica l  r e s u l t s  ( t ime to  fa i lure)  a r e  

shown in Table 9 ,  Column 1 ,  and a r e  compared graphical ly  in F igure  

1 2 .  

p r e s e r v e  the life of the inf ra red  bulbs s ince the anticipated operating 

t ime  of the flexible heat shield is  two minutes .  It i s  seen that  four 

m a t e r i a l s  survived this  ten minute per iod - t h r e e  of the  asbes tos  

f ab r i c s  and one Ref ra s i l  fabr ic ,  

fac tor  in the fa i lure  of E - g l a s s ,  Armalon and F a i r p r e n e ,  whereas  the 

load and displacement l imited the life of the a sbes tos ,  Re f ra s i l  and 

Si l -Temp.  

A t e s t  cut-off point of ten minutes  was a r b i t r a r i l y  selected to  

The hea t  flux was the determining 

The fabrics  were  then subjected t o  t e s t s  under m o r e  seve re  

loading and displacement  but with reduced heat  flux a s  shown with 

r e s u l t s  in Table 9 ,  Columns 2 and 3 ,  and in F igu res  1 3  and 14. It i s  

a g a h  seer? t ha t  the a s h e s t n s  f2hrics shnK snmewha t  resist..r,r,e 

t o  the loading and heating conditions than the other  m a t e r i a l s  tes ted.  

On comparing the  r e s u l t s  of a l l  t h r e e  s e r i e s  of t e s t s  it i s  

apparent  that the Grade AAAA asbes tos  m a t e r i a l s  show the best  

overa l l  performance.  

was m o r e  res i s tan t  to both load and heat. 

f ab r i c s  showed outstanding heat r e s i s t a n c e  but poor per formance  under 

high loads.  

s ince  in both of the t e s t s  t o  which i t  was subjected the r e a r  face 

(opposite the exposed g l a s s  f a b r i c )  rapidly ignited and failed 

Of the F ibe r f r ax  f a b r i c s ,  the GL-  144T m a t e r i a l  

The Refras i l  and Si l -Temp 

The r e s u l t s  with F a i r p r e n e  m a y  be somewhat misleading 
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F i g u r e  1 3 .  C e r a m i c  fabr ic  t e s t  r e su l t s .  
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F i g u r e  14. Ceramic  fabr ic  t e s t  r e su l t s .  
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Disp. 0 .  5’’ 1 . 0 ’ ’  1 . 0 ’ ’  
2 cps  2 cps  F r e q .  2 cps 

Load. 10 lb 20 Ib 40 Ib 
Heat Flux 40 BTU 2 3 B T U  2 7 B T U  

Minutes to F a i l u r e  
0 .12  

w/oAquadag 0 .22  3. 67 1 .83  

Asbestos  10M351 AAAA 10 .00  10 .00  0.  87 
12T370 AAAA 1 0 . 0 0  8. 77 1 .34  
l o p 5 5 0  AAA 9.60 4. 58 0.66 
24P098 AA 0. 30 0. 1 3  0 . 0 0  
Rhinobe s tos  0. 81 0.48 0 .33  

E - Gla s s 1 8 1 w / Aquadag 0 .02  0 . 2 2  

F ibe r f r ax  TR122B 
L126 
GL126 
P135 
~ 1 3 6  
GL136 
L144T 
GL144T 
L144TA 

0 .55  
0. 18 
0. 23 
0. 26 
0.22 
0 .37  
0. 25 
4.12 
3.60 

0 .42  
0.21 
0.  26 
0.20 
0. 24 
0. 27 
0. 26 
0.49 
0.39 

0 .21  
0.  30 
0.22 
0.  15 
0. 18 
0.20 
0 .00  
0. 19 
0.02 

Refr  a s i l  C - 100 -48 10.00 0 .01  0 . 0 0  
C -  100-96 10 .00  0. 14 0 . 0 0  
SS 1451 10 .00  0 . 0 0  0 .00  

Si l -Temp 84 
5B 

1 0 . 0 0  0.01 0 .00  
5. 25 0 .00  0 .00  

Ar malon 0 . 0 1  0. 05  0.67 

F a i r p r  ene not tes ted  1. 86 0 .54  

Table 9. Resul ts  of fabr ic  t e s t s .  

catastrophical ly  showering f ragments  of burning rubbe r ,  while the 

f ront  face supported the full  load without f u r t h e r  contribution f rom the 

r e a r  face reinforcement .  

the f i r s t  t es t ,  but it would have undoubtedly failed e a r l y  under a heat  

flux of 40  BTU/ft -sec.  

This m a t e r i a l  was not rece ived  in t ime  f o r  

2 
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These  t e s t s  indicate that a s t rong ,  high quality asbes tos  f ab r i c  

faced with R e f r a s i l  o r  S i l -Temp for  heat protect ion may provide the 

best  combination of m a t e r i a l s  t o  r e s i s t  the heat flux and loads ant ic i -  

pated in the flexible hea t  shield.  

In o r d e r  t o  de t e rmine  the  effects of ref lect ive coatings on the  life 

of f a b r i c s  subjected to  the heat  shield environment ,  Type 181 E - g l a s s  

spec imens  were  coated with inorganic pigments  previously descr ibed .  

T h e s e  spec imens  were  subjected t o  s imi l a r  dynamic fabr ic  t e s t s  a s  

shown with r e su l t s  in F igu re  15. The  magnes ia  coating improved the 

f ab r i c  l i fe t ime by about fifty percent ,  suggesting that  fu r the r  work on 

r e f l ec  ive coatings m a y  be v e r y  worthwhile. 
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